Background The EQ-5D is a widely used preference-based instrument to measure health-related quality of life. Some methodological drawbacks of its three-level version (EQ-5D-3L) prompted development of a new format (EQ-5D-5L). There is no clear evidence that the new format outperforms the standard version. Objective The objective of this study was to make a headto-head comparison of the EQ-5D-3L and EQ-5D-5L in a discrete choice model setting giving special attention to the consistency and logical ordering of coefficients for the attribute levels and to the differences in health-state values. Methods Using efficient designs, 240 pairs of EQ-5D-3L health states and 240 pairs of EQ-5D-5L health states were generated in a pairwise choice format. The study included 3698 Dutch general population respondents, analyzed their responses using a conditional logit model, and compared the values elicited by EQ-5D-3L and EQ-5D-5L for different health states. Results No inconsistencies or illogical ordering of level coefficients were observed in either version. The proportion of severe health states with low values was higher in the EQ-5D-5L than in the EQ-5D-3L, and the proportion of mild/moderate states was lower in the EQ-5D-5L than in the EQ-5D-3L. Moreover, differences were observed in the relative weights of the attributes. Conclusion Overall distribution of health-state values derived from a large representative sample using the same measurement framework for both versions showed differences between the EQ-5D-3L and EQ-5D-5L. However, even small differences in the phrasing (language) of the descriptive system or in the valuation protocol can produce differences in values between these two versions.
Introduction
Generic preference-based measures of health-related quality of life are frequently used to assess the impact of treatment or clinical pathways and to monitor population health [1] [2] [3] . Typically, preference-based measurement frameworks incorporate various independent attributes (notated for domains/dimensions) that jointly represent the notion of health-related quality of life. The levels of these attributes are weighted to indicate the relative importance attributed to them by the respondents (expressed preferences). Weighted attribute levels are subsequently aggregated into a single number reflecting the quality or value of a health state [4] . To obtain such values, several instruments (e.g., EQ-5D, HUI-3, SF-6D, AQol) have been developed within a preference-based measurement framework.
The EuroQol Group (http://www.euroqol.org) developed the EQ-5D, a relatively simple, widely used instrument [5] [6] [7] [8] [9] . It comprises five health attributes in the descriptive system (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) and a 20-cm visual analog scale. In the standard version (EQ-5D-3L), each of the attributes can take on three levels [10] . A considerable body of literature corroborates the sustainability of the instrument [11] [12] [13] [14] [15] . However, attention has been drawn to its limited sensitivity regarding small or moderate changes in patients' health states [16] [17] [18] [19] and its considerable ceiling effects (i.e., almost no differentiation between mild health states), prompting an update of the instrument [20] [21] [22] [23] . In the new version, the EQ-5D-5L, the number of levels used to classify health states increased from three to five. Testing its descriptive system performance in terms of its discriminatory power and sensitivity revealed a lower ceiling effect and a higher sensitivity [13, 19, [23] [24] [25] . Additionally, several studies noted that subtle differences in the phrasing of levels 4 (severe problems) and 5 (extreme problems) caused inconsistencies in elicited health-state values [26, 27] .
Besides increasing the number of levels from three to five, the protocol to derive valuations was changed. For the EQ-5D-3L valuation protocol, originally the time trade-off (TTO) was chosen from among all possible health valuation techniques (standard gamble, TTO, rating/visual analog scale, person trade-off, and magnitude estimation). However, various shortcomings of this technique were identified [28] [29] [30] [31] , which encouraged the EuroQol Group to experiment with other methods, such as choice-based modeling. Choice models are grounded in modern measurement theory and are consistent with the random utility model in economic theory [32] . The applicability of choice models for health-state evaluations has been proposed and tested elsewhere [4, [33] [34] [35] .
The association between the descriptive systems for the three-and five-level versions of the EQ-5D has been investigated extensively. Far less is known about the distribution of the values and the underlying weights for the levels of the attributes for both EQ-5D versions, which motivated the present study. This article presents a discrete choice (DC) study and a head-to-head comparison of the EQ-5D-3L and EQ-5D-5L with an emphasis on the consistency and logical ordering of attribute levels and the distributions of the estimated values.
Methods

Sample
Overall, 4036 persons participated in a self-completed computer-based assessment by Survey Sampling International (SSI) [Rotterdam, the Netherlands]. The sample is representative of age and sex for the general Dutch population based on the SSI panel of a working age of 18-65 years and recruitment during September-October 2016. Clear instructions were given to all participants, and those who fully completed the survey received a small financial compensation from SSI. The rewards were defined by the company's (SSI) internal agreements individually with the groups of respondents. Each one was randomly assigned to one of the 30 blocks of the survey. No limits on time for completion were imposed.
Discrete Choice
Discrete choice modeling is a widely used technique to elicit personal and societal preferences in health-valuation studies [36] . The statistical literature classifies it within the modern framework of probabilistic DC models that are consistent with economic theory (i.e., the random utility model) [32, 37, 38] . All DC models establish the relative merit of one phenomenon based on its relative attractiveness. This technique requires participants to make choices among two or more presented scenarios (choice tasks) described by the means of specific attributes with certain levels.
Experimental Design and Selection of Health States
The EQ-5D-3L contains five attributes with three levels each, yielding 3 5 = 243 possible health states. Health states were presented in pairs for comparison in the DC task. Thus, the number of potential pairs to be compared becomes 29,403. For EQ-5D-5L, the number of possible health states increases to 5 5 = 3125, and the number of possible paired comparisons rises drastically to 4,881,250. Clearly, it is infeasible to present all possible pairs to the respondents, especially in the case of EQ-5D-5L. For both versions, therefore, health-state pairs had to be carefully selected to arrive at an informative set. Two important issues were taken into consideration in the selection: respondent fatigue and avoidance of dominance in the pairs.
The credibility of an individual's responses can be questionable when a person gets bored or fatigued, which could happen if the tasks are complex or numerous. Earlier studies suggested that up to 16 choice tasks are acceptable and do not affect the responses [31, 39, 40] . We offered each respondent a set of 16 choice tasks and reduced their complexity through a two-level overlap in the health-state descriptions for both versions of the EQ-5D. A two-level overlap implies fixing two of the five attributes at the same level and varying the other three.
Dominance is a common difficulty in health-state valuation exercises because all attributes are ordered, and people always prefer fewer health problems to more. Dominant pairs do not offer additional information, yet they reduce design efficiency. Therefore, it was decided to remove all combinations where every attribute of one health state in a pair was worse or the same (or better or the same) than every attribute of the other health state.
In view of the above solutions for the issues of fatigue and dominance, an approach to health-state selection was developed along similar lines, as set forth below for the EQ-5D-3L and the EQ-5D-5L. The set of non-dominant pairs for EQ-5D-3L was selected out of all possible 29,403 pairs, arriving at 14,580 pairs. Likewise, in EQ-5D-5L, the number of non-dominant pairs was reduced from 4,881,250 to 1,430,000 (Stata 14.0; StataCorp LLC, College Station, Texas, USA). Out of all non-dominant health-state pairs with a two-level overlap, we decided to select 240 pairs, which is considered sufficient to estimate regression coefficients for EQ-5D-5L attribute levels. It was decided to select the same number of pairs for the EQ-5D-3L. Therefore, 240 pairs in EQ-5D-5L and 240 pairs in EQ-5D-3L format were selected, using an efficient design routine programmed in Ngene software (ChoiceMetrics, Sydney, Australia) (the mnl model, taking 500 Bayesian draws, Halton sequence, modified Fedorov algorithm). All selected pairs were divided into 30 blocks with 16 choice tasks each, whereby 15 blocks contained all 16 tasks in EQ-5D-3L, and 15 blocks contained 16 tasks in EQ-5D-5L. The design was based on an iterative procedure, where designs are compared by their D-error (measure of statistical efficiency). After numerous iterations, the designs were checked for their D-errors and for the level balance. Level balance ensures all levels of all attributes appear with even frequency in the design. A perfectly even frequency of level balance can rarely be achieved; therefore, the fairly even distribution of levels was accepted. Finally, the design with the lowest D-error and better indicator of level balance was chosen. Efficient design in Ngene requires priors (approximations of the parameters), which were derived from an earlier EQ-5D-3L study [36] and from a multinational study of the EQ-5D-5L [4] .
Response Tasks
The response task included two health-state descriptions comprising five attributes of the EQ-5D. The respondents had to decide which of the two health-state descriptions they preferred. Half of the blocks contained health-state descriptions defined by three levels of EQ-5D-3L (no problems, some problems, extreme problems), and half of the blocks contained health-state descriptions defined by five levels of EQ-5D-5L (no problems, slight problems, moderate problems, severe problems, extreme problems). The respondents were randomly assigned to one of the blocks, meaning that each person completed 16 response tasks only in the EQ-5D-3L format or (in the other block) only in the EQ-5D-5L format.
Analysis
EQ-5D-3L and EQ-5D-5L Values and Value' Distributions
The analysis of the data was performed using a DC conditional logit model (asclogit, Stata 15.0; StataCorp LLC, College Station, Texas, USA), which yields parameter estimates presented as regression coefficients. The maineffects value function included ten dummy variables for the EQ-5D-3L representing levels 2 and 3 for each of the five attributes: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The main-effects model for the EQ-5D-5L included 20 dummy variables representing levels 2, 3, 4, and 5. The regression coefficients were checked for logical ordering and significance. In addition, we tested for the increments from one level to any other consecutive levels (post-hoc estimation, contrast, Stata SE 15.0; StataCorp LLC, College Station, Texas, USA) [41, 42] . Additionally, the values of all health states possible in EQ-5D-3L and EQ-5D-5L were calculated based on estimated coefficients. We used the original values derived with the choice model and rescaled them to the published results of the Dutch valuation studies for the 3L version and 5L version, respectively [43, 44] . For the EQ-5D-3L, the value range from the valuation studies was -0.33 to 1.0, while for the EQ-5D-5L the value range was -0.45 to 1.0. Finally, for both versions, the distributions of estimated values were compared. Kernel density graph and graphs of frequency distributions were produced for the EQ-5D-3L and the EQ-5D-5L (Stata SE 15.0). For comparison of value ranges in both graphs for EQ-5D-3L and the EQ-5D-5L, we provided distributions displaying the unscaled values and the values scaled to the Dutch tariffs.
Comparison of Differences in Weights for HealthState Attributes
The overall weights of each of the five EQ-5D attributes were calculated using the coefficient range method: the range between the coefficients of the individual levels was calculated and then converted to a proportion.
where C i represents the coefficients of the individual levels of attribute i and j represents the number of attributes.
Results
Sample
In total, 4036 respondents completed the survey. Out of this sample, 288 completed 16 choice tasks in less than 2 min, which was considered unrealistic and insufficient. In addition, responses of 50 individuals were deemed unreliable, given their pattern of choosing only the left (A) or only the right (B) alternative throughout the survey. Therefore, the forms of 338 respondents were disregarded. Finally, the analysis included 1824 respondents for the EQ-5D-3L and 1874 for the EQ-5D-5L (Table 1 ). An overall Chi-square test revealed significant differences between the samples completing EQ-5D-3L and EQ-5D-5L in terms of age groups: p = 0.000.
Comparison of EQ-5D-3L and EQ-5D-5L Coefficients and Overall Attribute Weights
No inconsistencies or illogical ordering of level coefficients were observed for the 3L and 5L versions. The spread of regression coefficients within each attribute consistently followed the same patterns across attributes: levels 2 and 3 lowered the values slightly, levels 4 and 5 even more so in the EQ-5D-5L. Moreover, the incremental differences between consecutive levels of each dimension were checked for significance, whereby it was observed that the move from level 5 to level 4 of severity had a smaller effect than the move from level 4 to level 3. All parameters in both models were statistically significant (Tables 2, 3 ). Self-care was generally assigned less weight than the other four attributes in the EQ-5D-3L and in EQ-5D-5L (Table 2) . Moreover, level 3 problems with mobility (confined to bed) appeared to have the largest effect on the values in the EQ-5D-3L format. Overall, the attribute mobility in the EQ-5D-3L version was assigned the highest relative weight. Regarding the EQ-5D-5L version, the respondents were more concerned about anxiety/depression and pain/discomfort than about problems with other attributes. Regarding the EQ-5D-3L version, we noted that pain/discomfort had more relative weight than anxiety/ depression, while the opposite was noted for EQ-5D-5L.
Comparison of EQ-5D-3L and EQ-5D-5L Value Distributions
The original unscaled values of both EQ-5D versions were anchored to the values of the best and worst health states derived from the Dutch valuation studies [43, 44] , and plotted as the frequency distribution of estimated values for 243 health states in the EQ-5D-3L and 3125 health states in the EQ-5D-5L (Fig. 1) . The graph demonstrates that the distributions of values elicited with unscaled coefficients are similar to the distribution of the rescaled values because only the scale is changed, not the distribution of the values. These graphs and the kernel density graph (Fig. 2) demonstrate that EQ-5D-5L has more health states than EQ-5D-3L on the region with severe health states and fewer states on the region with milder states.
Discussion
Overall Discussion and Literature Review
This study contributes to the body of literature comparing the standard EQ-5D-3L and the new EQ-5D-5L. Here, the focus is on the logical ordering and differences in distributions of values for health states in these two versions.
The health-state values were elicited from a sample of the general population applying a conventional DC approach. According to several earlier studies, the differences in EQ-5D-5L levels are subtle and may be hard to distinguish, which might have caused inconsistencies for some language versions (English) in the upper or lower levels of health attributes [26, 27, 44] . Eventually, such inconsistency would affect the validity of the estimated values. In the current Dutch study, we found that all coefficients for both versions of EQ-5D were logically ordered. However, the results demonstrated that the overall weights for the attributes are different in the two EQ-5D versions. In the EQ-5D-5L, the highest weight was attributed to anxiety/depression followed by pain/discomfort; in the EQ-5D-3L, the highest weight was attributed to mobility. Larger weights of an attribute have larger effects on a health-state value: the negative changes in the levels of the most important attributes could overweigh the positive changes in the levels of the less important attributes, resulting in lower values.
Mobility, especially level 3 (confined to bed), had the most significant impact in the EQ-5D-3L. It is clear that 'confined to bed' has a different phrasing format for level 3 than it has in the other attributes. In later versions of the EQ-5D, namely the version for youth (EQ-5D-Y) and the EQ-5D-5L, the formulation of the worst levels was changed into 'unable to walk' [19, [44] [45] [46] [47] . In the EQ-5D-5L version, with the most severe level formulated as 'unable to', the effect of mobility on the health-state values declined. Changing the phrasing from 'confined to bed' to 'unable to walk' is likely responsible for the shift in the level of importance. 'Confined to bed' seems to imply isolation and dependence, while 'unable to walk' may be interpreted as a less serious limitation.
A large multinational study based on DC modeling for the EQ-5D-5L [4] showed greater importance assigned to pain/discomfort and anxiety/depression attributes for the Dutch population, while for the US population the attribute mobility had the greater importance. The Dutch valuation study for the EQ-5D-5L confirmed that the greatest importance was assigned to pain/discomfort and anxiety/ depression [44] . Mulhern et al. [48] , in their study using DC modeling, observed that the attribute pain/discomfort also showed the largest effect. COPD chronic obstructive pulmonary disorder, SD standard deviation Overall, we observed differences in the health-state distributions for severe and mild/moderate states derived from the EQ-5D-3L and EQ-5D-5L. Our findings are not in line with those of Mulhern et al. [49] , who observed the opposite. However, it may be attributed to the fact that the EQ-5D-3L UK value set has a larger range of values than the EQ-5D-5L UK value set. In addition, the samples analyzed in that study were recruited differently (England, UK) and different valuation methods were used (TTO, visual analog scale). Overall, the distributions of health states in the current study showed a somewhat lower proportion of severe states in the EQ-5D-5L than in the EQ-5D-3L. These findings are not in line with the findings published in the Dutch tariff [44] , demonstrating the values for all attainable health states to be higher in the 3L version for the severe health states and higher for the 5L version for . Again, such a discrepancy may be caused by differences in the conceptual and valuation approaches used. The current study is based only on DC estimations, while the Dutch tariff is based on the composite TTO and tasks for valuing worse-than-death states were included. In the Dutch tariff study, DC results were used to identify the appropriate TTO modeling techniques, but not to estimate health-state values. The report by the National Institute for Health and Care Excellence [50] suggested that the 5L instrument showed higher mean utility scores than the 3L, meaning that the improvements in health are slightly less in the 5L than in the 3L, which results in interventions being considered as less cost effective if based on the 5L. This may lead policy makers to give due consideration to the choice of a version: EQ-5D-5L may produce smaller benefits of innovations for severe health states, according to our study, which may discourage end users from using this version. These findings raise challenges about the choice of the EQ-5D version to be used: for particular interventions, end users are likely to prefer the EQ-5D-3L, indicating higher benefits of interventions. However, the studies included in the National Institute for Health and Care Excellence document are not based on valuations. In fact, the analysis underlying that document used self-reported health assessments scored according to the EQ-5D descriptive system. Therefore, the comparison between the current study and the study of the National Institute for Health and Care Excellence should be taken with caution.
Limitations
It is worth mentioning the following limitation of our study: there is a difference in the age group proportions of the two samples. We tried to reach the comparability of the representativeness and sample sizes for 3L and 5L versions; however, significant age differences were observed according to the Chi-square test. One might argue that such differences would bias the estimated results. However, an additional analysis with inclusion of age groups as a separate predictor into the choice model did not reveal any statistically significant effect of age on the estimated coefficients.
By their nature, health-state values derived with choice models cannot be interpreted as absolute (cardinal) numbers because of two reasons. First, the best health state (full health) is dominant and cannot be used in the choice model as an anchor. Second, the location of death is unknown because a 'death' option was not included. Consequently, DC models position health states on a scale between the best and the worst health states. Therefore, one of the main problems with choice models is normalizing its scale to a death-full health (0.0-1.0) scale. To solve this problem, a task extension or additional tasks should be included in the design, such as death questions, duration on the health states, or an accompanied TTO task. We did not use either of these techniques. Instead, we used the published Dutch valuation studies [43, 44] as an anchor for the values elicited with the DC model. By doing so, the rescaling limitation remains but anchor points are based in current evidence.
Recent studies using different valuation frameworks for quality-adjusted life-year calculations showed smaller differences between the same health states in the EQ-5D-5L version in comparison with the original EQ-5D-3L, which raised concerns among end users (e.g., pharmaceutical companies) [44, 49, 50] . In a recent UK study estimating a value function for the EQ-5D-5L, the composite TTO was introduced as a new valuation technique. That innovation is a derivate of the conventional TTO based on a combination of lead-time TTO [51] and standard TTO as used in the 3L. This UK study applied a rescaling for the states 'worse than death' (negative utilities) that differs from the rescaling used in the original EQ-5D-3L [1] . In addition, the UK study [52] analyzed TTO responses and DC responses together in a hybrid model incorporating several other analytical procedures (e.g., censoring, additional parameter for heterogeneity of respondents, forcing consistency in levels of attributes) [53] . Moreover, the authors of the Dutch tariff [44] admitted that the similarities between the EQ-5D-3L and EQ-5D-5L are not necessarily expected owing to differences in the phrasing and valuation methods used. Therefore, the divergence between the 3L and 5L version, if based on the official EuroQol protocol, is likely to be a combined effect of the differences in the way individuals respond to the changed descriptive system and because a totally new and different valuation framework has been introduced [54] . The present study did not use a TTO technique. Instead, we used DC for both versions of EQ-5D, which resulted in certain differences in the weights and overall distributions of the EQ-5D-3L and the EQ-5D-5L health-state values.
Values derived with DC seem to be more robust and less effected by possible framing effects, as the judgmental DC task is more straightforward and simple than the TTO variants. However, it needs to be stated that the design strategy of selecting equal amount of DC pairs for both versions may have had an impact on the estimated values. Specifically, selecting 240 DC pairs for the EQ-5D-3L would enable broader coverage of the health states than selecting 240 pairs for the EQ-5D-5L because the EQ-5D-5L comprises more health states.
Consequently, such a design setting would result in more precise estimates for the EQ-5D-3L than for the EQ-5D-5L. However, based on earlier studies [4, 44, 48] , having 240 pairs for the EQ-5D-5L is highly sufficient to get precise estimates. Moreover, the standard deviations of the coefficients, which reflect precision of an estimated coefficient, showed that the difference is minor (the maximum standard deviation in the model for EQ-5D-3L is 0.3, while the maximum standard deviation in the model for EQ-5D-5L is 0.4).
Strengths
The present study has several strengths. First, a large representative sample of the Dutch general population has been achieved. Second, it used the same valuation method (DC) and the same statistical analysis for both EQ-5D versions. Third, an efficient design was applied to maximize the precision of estimated regression coefficients, while respondent fatigue was prevented by applying a twolevel overlap. Overall, this is the first head-to-head DC study to compare health-state values derived from EQ-5D-3L and EQ-5D-5L using large samples.
Conclusion
The distributions of health states suggested that the proportion of severe health states with low values in the EQ-5D-5L was slightly higher than in the EQ-5D-3L, and the proportion of mild/moderate states was lower in the EQ-5D-5L than in the EQ-5D-3L. Additionally, the overall weights of the attributes in the EQ-5D-3L and the EQ-5D-5L are different. We suggest that even small differences in the phrasing of the descriptive system or in the valuation protocol may affect individual responses and thereby the elicited values. Finally, it needs to be emphasized that the applied valuation framework in combination with particular statistical models used to estimate the weights for the attributes and their levels may explain the substantial discrepancies between the 3L and 5L observed in earlier studies.
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